55 42 555 6 1] w = it £ 5 I W Vol. 42 No. 6

2022 4F 12 A Chemistry and Industry of Forest Products Dec. 2022

doi:10.3969/j. issn. 0253-2417.2022. 06. 012

%ﬁu\lﬁﬂjt%ﬁjq:'iT{{Aét*q& S EHEFR

IR, RBE, BT, REE, B
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nu\

B OE, sEH bR AR TR RER P TESESET(ECT) A E 347 T M2, A AAzsg
Y (NMR) B2 4 B AR 5 20 % A8 &, 3%- 7 3 ( RP-HPLC-MS) 3 R *F A 3 & M3t 47 T 547, Bl #d L A
WANG Minghao  Dppy i % 4% 8 F £ B/ 3 BALEE /1 (FRAP) A1 % T R AAAE A, AR R A . A vH A ¥
LEH B R ER PR TR E S A 151.56, 96.75 #7 198. 12 mg/g; MR 3 A 442 T o kI -3-51 09 #@i
ARERARREFARREEF AAEMETL L LAARBNEM 3 HEELTHEAILE — R GRAAFMR,
P DPPH B w7 2 ( DPPH - ) #9347 4] i R (1C) 1A 67.02 ~97.70 mg/L, 3448 T Fa AT B BHA; ﬁ)ﬁg,&ﬁ“ﬁ
125 mg/L B |3 Fr 4 432 T 69 SR AR S FRAP A4 3.51 ~5.56 mmol/g, 4& T Fa M2+ #& BHA 49 6.51 mmol/g, %3]t
B3 FRABEFGRAAER, L FH %R DPPH- 49 1C, L4 67.02 mg/L, 4 T M Ve(76.65 mg/L) ; 2 S0 AL AL
77 FRAP {4k 2] 5. 56 mmol/L,
G A AR 454 % T ;" C NMR; RP-HPLC ; 4t &AL 4
FE 4SS TQ35 ;TQ91 XHEkFRERD A XEHS 02532417 (2022)06-0084-07
Bl3ctR: TR RHBE R T, F. RN AR PR T AR L RBAERAL[]]. kA FEE Tk 2022,42(6) :84-90.

Chemical Structure of Tannins in Cercis chinensis and Cercis glabra and

Their Antioxidant Activity

WANG Minghao', ZHANG Jinghan', ZHAO Jingke', ZHANG Liangliang®, LUO Jiayan'

(1.College of Material Science and Engineering, Nanjing Forestry University, Nanjing 210037, China; 2.Academy of
Advanced Carbon Conversion Technology , Huaqgiao University , Xiamen 361021, China)

Abstract: The contents of extractable condensed tannins (ECT) in Cercis chinensis, Cercis gigantea leaves and pods were
determined. The chemical structure were analyzed by nuclear magnetic resonance (NMR) combined with reversed-phase high
performance liquid chromatography-mass spectrometry ( RP-HPLC-MS) , and the antioxidant activities were determined by DPPH
scavenging assay and ferric reducing/antioxidant power( FRAP) assay. The results showed that the mass fractions of tannins in
C. chinensis, C. glabra leaves and pods were 151.56, 96.75 and 198.12 mg/g, respectively. The structural units of flavan-3-ols
which constituted three condensed tannins, were mainly procyanidin and prodelphidin, and there were galloacylated structures at
the C3 position in their structural unit. All three condensed tannins had certain antioxidant activity. The median inhibitory
concentration(ICs, ) values of the three condensed tannins for scavenging DPPH free radicals( DPPH- ) were 67.02 —97.70 mg/L,
which were all higher than that of positive control BHA. The FRAP values of three condensed tannins was 3.51 —5.56 mmol/g at
the mass fraction of 125 mg/L, which were lower than the positive control BHA (6.51 mmol/g). Among them, the tannins of
C. chinensis leaves showed excellent antioxidant activity, and its 1Cy, values of clearance rate of DPPH- was 67.02 mg/L, which
was better than the positive control Ve(76.65 mg/L). Meanwhile, its FRAP value was 5.56 mmol/L.
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S, AR L ERMEY) R EA BT R A EEAN AN, BRI, LB E I,
RIS B A, e —Fp B T ARG TR A, 1 JE X HAb 24 B4 HEA T 5 (0 48, 8 1 X6 H T R
FENT AT R R . BRI R, S b s S e A m s & S5y b 4 &
HTHEEEVMERLR, 0T MR R ZE , SR RN =4 — K04 TE LS
(2 By IR, R PRI B e 2 PR B 4 ) e KR M 2 BB R —Fh 2 iR &R, 52
B b A ATTARME S 5o 40 2 4l A 3RS PR — S5 M i 2l 2 R IR A (R | A HRE AR AR 4> F s e —
O PN 1) 22 R RAE A0 28, DAL I X T AR A5 119 22 3R D A6 €0 38 A 0 R A7 A A 1 5 A RR ARl A R R B
5 ZE R A YIE N R AR =4, T2 A TR B, T LU B R fe 32 06 SR BT L L TR
KRR ES Mo, TR B 2R A Y I PR AT R 2 T AR g xR A
WIAC L HAS RO 4 A B T 1) B EAT T 002 , 38 2 NMR | RP-HPLC 5 AR X 2830 K i Ik 289 o7 4k
SEGERTERRAEGY , X AT A AL BE T AT T, DARA by B A i I T R FH 58 3R i) b SR 90 0 U 4 1
WA
|,

1.1 ERGEF S5

2890 ( Cercis chinensis Bunge) 1AL ( Cercis glabra Pampan. ) M F 2021 4F 7 H R T mipfoll K2
K P AL SR TER 2021 4F 9 H SR T pg mUMOl K24 B Y, Y5 F - 20 CORAE, TR B 5k
i BETR EEIREN IE T BE CROREE SO ARk, B E R A O S ek Al A SR
Sephadex LH-20, Cytiva 2\ ) ; AR B iAok dbAb =) 51, 1- 2R Be-2- =i B 28 F (DPPH) | 2,4,6-
ZIERERE =R (TPTZ) , Sigma A w5 T RSB FL M Ak (BHA 205 98% ) FUIRILIR (Ve) , A HrbrdEd:,
Vg 22 i R AR A BRA A s — 20K

JJ-2BS HZHSFEAL, 1 E VRERA A ] FD-1 BUA R TEEHL, H A EYEIA A Al ; Cary 8454 74551/
A4 EOERE I, 26 [ Agilent 23 T 5 Avance Il 600MHz = 23 4% 1% 2245 1, 78 E Bruker 23w ; LTQ
Orbitrap XL AR 35BS B A , 52 [ Thermo A H]

1.2 HBEBRTHRRRS4K

et LI WAL R RIER TS E - 20 C UK, T AL AT IS B AL U AL R RS, %
T -20 CHH, BL20 g HMIAT RIS R, LA 200 mL 70% (AAFR50%0, TR PR, 12481 h, #1183 K,
B IHRBURAE 45 °C T HEZE LBRIVER AIER 207K , K AR VR T 455 15 2 s HL 42 4 . ML 2> 2 50%
(RFRAM %, TR W EBA ARG b Sephadex LH-20 (A 3EF: | I 509% HBEATR IR BE 22 B 4% 5, 70% 1N
SR DRI I TSR SliAL R BT 20 43 . 45 °C TR I 78 R B R TR RIS 43 7K, R A /K AV VR T4, B4R 46
LT FERE T -20 C FIRER L, A e 82 o Hr il FZ 44 5 (FE i
1.3 AAHERTEENNE
1.3.1 #HRzkeH & H0.1 g3 FEYEE R, 5 2 mL 70% WEIE IR A, T 25 mL A&
FHH B 2%, =i N RO
1.3.2 THESSETHEOMNE  SHICRC M, B mL 585 RS IATR, A 6 mL 1E T /-
IR (ABALL 95:5, F[A]) W, B K IR AL 3R 75 min, ¥4 2% RJ51E 550 nm A0 FH 4360 B T e LK
JEHE, B R 2S PR
1.3.3 Arfedn & eded) AR RITE BT o m il e A5, LLAlA0 IS AR P o T AR b o L 4l
AR5 5T 4 HPLC YA, 2ERE 243K 3 95% LA b K afifb A5 2] 0 A8 ) 50 1 R i TG 8 005 s Vi R A6
0. 100, 200, 300, 400 F1500 mg/L Y H EEFE U, 45 B s W FE U1 mL, LA 6 mL 1E T BE-ERRRVA W, 4%
W7 ER S 0 50 U 8 42 il SR I b o 28, P AR e B S AR HE R 2R y = 0. 965 2w +
0.014 6(R* =0.996 5) WAt Ao B pnifE M 26 y = 1. 043x +0. 035 7(R* =0.99) b 55915
TS RFREMZ y =1.034 45 -0.003 6(R*=0.993 4) ,
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1.4 "AHEBRTEMSH
1.4.1 &WARSCNMR 947 S5 3G W52, 45 A 50T AR C NMR FH Avance T 600MHz 1= 439
BRI E . 120 mg 4k 4s &8 H 1 mL AR RN 95% (0 RART BR A A e, R ) i
5 mm FORZRER s 78 RO 1 I8 R A I C NMR 3%, F555% K 125. 78 MHz, ik £y 45°,
FEIRBFIH] R 3 s,
1.4.2 HPLC-MS o#7  #EAhHE HPLC 4307 200, 75 e 28 id R ORBEr Bt . & 7eBl & 3. 3% (R4,
IR R R- T BEAE L 5% (RFRGM 4, R IA)) “RaREE- H B & 5 o/ L Al fb i 620 7 BRI .
R B 50 L KBS ,50 L 3. 3% $hR-H B R 100 L 5% SR EE- B B, 7R 2) 5 40 C K
30 min,0.45 wm JEMEITIE

2R B BEAR 7 O RE i _EMLIERE 20 L, €34 A Hypeisil Gold SUAHAE (100 mm x2. 1 mm,5 pum) ,
0. 1% WA ZNE MEF, WA EN T 0 ~15 min,12% ~80% N (L PEREE) 515 ~ 20 min,80% ~
95% £ 520 ~26 min ,95% £ ;26 ~27 min, 12% £ ;27 ~30 min, 100% CHE (MERRE) . AR
FE 25 °C, YEURFH A 0.5 mL/min , K07 Kk 280 nm , 24N RER NS 5 B AE 200 ~ 600 nm,

ESI 27 J5 71 8 73338 TG (m/z) 0 100 ~ 1 500 ; ZAL IR 350 °C, AL #8 i3 10 L/min,
FAL ST 7 241.38 kPa, AL gRHL T 3.5 kV,
1.5 mELEES
1.5.1 DPPH @ &A% % DPPH [ 5 (DPPH - ) 5 R I & 2 M Chen Z5%) (1907 v BRAVE LS .
Jic B500 mg/ L F A0k BT il H RS, T A5 A B 19 B BT i Wk B2 500, 250, 125, 62.5 FlI
31.25 mg/L A ZR B RE b H BV T, BROAS [R) o s vk B2 AR VAT 0. 1 mL 5 54430 %% 0. 004% 1Y) DPPH H!
B 3 mL T 10 mL 38 T F257 J5 &I #8030 min, i 2R S BETHAE 517 nm A0 W%
TERE (Ag) s AR 25 6 BRI 5E HEAE 517 nm Kb B OEBEME (A,) o LA BHA Ve S FRYEXT BE | Fid &
500, 250, 125, 62.5 F131.25 mg/L 5 TAEG W, W& WG 3% T 153 DPPH- W R (n) .

n=(A, —A) /A, x100%

1.5.2 ERBMES B% Benze AT, REE T8 L/ PUAALRE 1 (FRAP) 43 Hr ik 5 4
BB RE A I B BT AR ARRE ST . B8, 85 0. 3 mol/ L BEFRENZE AT . 10 mmol/L TPTZ AN 20 mmol/L
FeCL W LARBUEE 10:1: 1 R4, Bohl TPTZ TARH, BURTWE N 15.625 ~ 250 mg/L f45HE 5 A
FESIR 0. 1 mL, A 3 mL TPTZ TAEW IR 2IJ5 25 C IV 5 min, 593 nm AR e G EEAE

BlE 0.2,0.4,0.6,0.8 F11.0 mmol/L i Ve ARuEWE, LA B Ry 25 AN R, & bR W 40 il 5
TPTZ TAEW N 5 min, 593 nm bW F5 0% 6 BEE, 2 Hil bR 4, I #5% .y = 1. 279 64 +0.038 4(R* =
0.999 3) . BHEALLAR ) LIK BIAHRIPL AL AE 1Y Ve I (mmol/g) K FEm .

2 HiRSTHE

2.1 AAMHEEETEE

ZEMRE EFRI R BAE R B R AL SRR SR 3 R W ORI R 4 A BT T o B N
(151.56 +13.64) (96.75 +13.96) FI(198.12 +7.24) mg/g, 455 MR .3 FhAEY) IFRE Y EAT 5 il 2a.
T a, AL SRR TP AT AR G BT S R, SO Rz AL S e b A R A
2.2 WAMESRTHEHSWN
2.2.1 “C NMR 441 3#id"”C NMR HARXZE G BT 30475087, 7T LAFS 8 H B AR 2548 500 1) 4 A B
TG R . IR B WL SR R B SRR G B T RS C NMR 43 H7 BE UL 1, Gk &
PgE L 2, 5RO S % OIS BT P RS 115 S5 RO A SR

M 1 AR 2 AT, 8 157 AbBI(5506 4 PP B PD FAJTHY C47, 1M & 157 ~ 150 [8] H BLRIEAE R PC B
PD HLITHY C5.C7 Fl C8a, & 146 HILAYIE(E N PD FRITAY C3° Al C5°,PC HLITHY C3°.C4” 7E 8 145 4b
PRIEAE, PD ) C4 5 PC . PD 1 C1” 35 7F 6 131 Bt H BLUEAE, & 119 HBLAIE R INE S PC T
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C6°,6 116 4b HH BLAY(E SN PC BT C2° F €57, 6 110 ~90 Z ] i BLAY A G FEKE PC BAITH)
C8 .C4a F1 C6 LA K PD BAJCI) C4a C6 .C8 C2° 1 CO”, L Ah 6 104 ~ 102 Kb FIAE SR EH A B %%
MIAFFE, 890 ~70 Z [Al 245 A BT 45 M BATTAY €2, Ho BLAY A B AC 3 35 B e -3 - B 45 A BT A I 28 (2,
3-cis) MR (2,3-trans) G5kE . LA & 80 Ry o2k, e U BT he-3-IE iR 0T C2 MYfF 5 BILAE & 85 ~80 4k,
T 8 -3 - ) 15 5 D DU HE BRAE S 80 ~ 75 Atk i Sz =X €3 Ak 2 A8 6 I T R R i, i e 2.
JC C3 RN R SRR G ST 8 72 hb . 6 36 by 3% 25 18 5T C4, I0AM,6 164 .
147, 140, 122 DA K 110 SEA0IE(EAE 5 IR 40 & T 85 BT C3 _LAFEA REIEEE U

a b c

LUl L i

180160 140 120 100 80 60 40 20 180160 140 120 100 80 60 40 20 180160 140 120 100 80 60 40 20
0 0 0

E1 ZHMHE(a) SLEHIMR (b) MMILLHER () FEEE T C NMR Eif
Fig.1 "C NMR spectra of condensed tannins from C. chinensis(a), C. glabra leaves(b) and pod(c)

(|)H OH
Joid oH Joid OH ¢ _oH
e \C4./ e ‘\Q/ o Nes”
I | | I |
HO . 0 20Nl 0 HO. 0 i~ 2L HO. C o 2C_ _C/
\fﬁ/c *%Txa/ \Tf“ e \TI/C X*Tka/ \T;‘ e on \ﬁ( Ned e N
b b
Cs Ca C Co 2Ca C,, Cs. La é
\|/ o von \?/ < von (\ﬁ/ ~c7” “on
OH OH OH
J5AETH 2 procyanidin(PC) A2 R prodelphinidin(PD) [R5 F propelargonidin(PP)

&2 2 EHEFE(PC) FEEZ(PD)MEXLEE (PP)IEH
Fig.2 Structure of procyanidin(PC) , prodelphinidin(PD) and propelargonidin( PP)

H L3 53 Bl 20, Sl it e b S8 i R SR 4 G 5T #4 By PC PD (PP 3 Rl A 25 4 BT
B, EHEI S, AT PC BAJG B ¥R C3°.C4” il PD HI0HY €37, C5 HLAT AH [H] A% 5t 742 At i) 1A% IR TR 5
BN %k A W TR RN A3 AT A5 21 2 AR ESF BT ARG B L8], SRR 3B A A3 BT RIS RT3 Rl A By
PIFEA — o B (RS B S IUR  REBEJE | C3 . CS ML= f8 5 PD S5 5Lo0 Y C3 .C5 AF7EEE &, MM
MRS AL PC PD BT HA R L, Bt XS H AT 6 84 K 8 77 HYWE(ELRT 1,3 Fh4H G BT A 45 4 B
JCH E TR T
2.2.2 HPLC-MS 547 W46 & 57 RS Bl J5 51T RP-HPLC-ESI-MS 43t , a] LK) Wy LR ity 556 LA
FAEAPBRTT IR0, S OREEAE R AR, TRt 25 1 o] LA 4R & B 45 B U A, i 3R 4
B BT BEAR G R BT I T R, AT A 380 A v B 0 R e BT | JFL R e B 5T AR B ) B -3 - Y O
AR ES ke 1 ZE M ST 0 DU BRSNS W T A AE . X G N B BB A 1Y) 3 AR 46 & S T R i ik
T RP-HPLC-ESI-MS /3B %58 , BB TI A 3 iR, B2 SCaR' -7 %o H oA o B0 K S {1 BTG 574
BB A AT T BT e .

TEME AR T LA 1 B[ M -H] 58 m/z 289. 1, [F A B3 A FiB I T m/z 325.0[ M +
Cl] ™~ By, m/z 579.2 B[2M —H ] ~ 1§ m/z 615.1 [ 2M + C1] ~ W, 53cmk ™) Fxf e S M ILE R /&
ILZEZE(C/EC) . kB2 M -H] R m/z457. 1 L&MW 3 B[ M -H] 1§k m/z 441. 1, B%HM
JESCHR T AT HEI T B8 A% LR B RS ER IR F ks LA B REERER (GCG/EGCG) B LA RRGIRNR/ 2 LA
RREWRME (CG/ECG) , A4 (M —H] “ 188 m/z427. 1, [Al i} 5% E b a] RIS E] m/z 303. 0 (1)
[M-SC,H, —H, —H] "I§ ,m/z855.2 FI[2M - H] " g, fkB¥ 6 B[ M - H] ~WH m/z 4111, [FRERE
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K AT ARG IR m/z 287.0 B[ M - SC,H, - H, - H] “I& m/z 823.2 B[ 2M - H] ~ 1§, 5 3Cmk' " Hoxt
FIEAEY 4 XALEW 6 53 MRS LA T/ /s LA 2R N0k ML R/ RILE R Fok ) — R0 7
S, AT BIIM - H] W m/z 563. 1, 2% 3CH ' IO LR R/ RILE R SRR
R/ FPR U E (C/EC-AF/EAF) 41A0 0 B BRI FE ) — 3 8 be-3 -1, MR 5 B (i 0 0 1 B IsF ) R A
B Sy R S RS TR 1 e — Rk S e B

a 5 b c
6 46

12 4ui ;16
(‘) 5l l.O ll5 ZIO 2I5 36 (I) 5I 1'0 ll5 2'0 2I5 3I0 6 é 1'0 1'5 2'0 2I5 3I0

{1 ] /min 1 1 ] /min PR ER I ] /min

1L FR/FILAE catechin/epicatechin(C/EC) 5 2. A LR E G MR R/ F AT LA R AGFRER gallocatechin gallate/ epigallocatechin

gallate (GCG/EGCG) ; 3. JLZS R ALHRER/ 2 JLAS EFSBRMEE catechin gallate/ epicatechin gallate( CG/ECG) ; 4. K5 JLZE 2/ # 45 L

R ZRHLEE gallocatechin/epigallocatechin-benzylthioethers ( GC/EGC-thio) ; 5. &1 unknow; 6. JLAXE /& ILA KK it
C/EC-thio; 7. JLZEE/FILK R -BlHE 5. 2/ R #H 5 K C/EC-afzelechin/ epiafzelechin ( AF/EAF)

B3 ZHMF(a) GHALEFM A (b) T EHIZER (¢) BE AT HPLC-MS BB FRE

Fig.3 HPLC-MS total ion flow chromatograms of condensed tannins from

C. chinensis(a), C. glabra leaves(b) and pod( c)
F1 3WMEYHESET HPLC-MS EESHER
Table 1 Qualitative analysis results of condensed tannins from three plants by HPLC-MS

H B E] retention time/min FHXT4 AT

4 o S b e S e e i T molecular m/z feat
. st 4 WAL WAL M : compound
C. chinensis leave C. glabra leave C. glabra fruit r formula

1 0.72 1.78, 2.49 2.67 290.3 CsH,, 04 289.1 C/EC

2 2.72 — 3.56 458.4 CynH 0, 457.1  GCG/EGCG

3 4.02 4.04 4.58 442 .4 CyH 30y 441.1 CG/ECG

4 6.26, 8.50 6.30 6.24, 6.54, 8.61 428.5 CyHy 048 427.1  GC/EGC-thio

5 7.07 7.13 7.29 580.0 — 579.1 KAl unknow

6 7.24,7.31 7.30,7.42,9.31,9.62 7.46,7.54,9.70 411.5 CyHy 065 411.1  C/EC-thio

7 7.91 8.11 8.08 564.6 C30Hy 04y 563.1 C/EC-AF/EAF

R I T3 65 5 5 T AHEIT , 3 R A R i BT B C/EC M, R AR SR A I H 174 3 he-3 -1t
FHREIN A YT LRI R BT B R C/EC KRS ILAS R/ BRI K . LA o [ Hh B A AN 51
BT 4 2%/ R BT 4 G R R B UL AL A 7 WTREAR R FE B C/EC 5 AF/EAF A0 B A R #
BE-3-BERIAEAE , DT R REHEBR L AT AF/EAF BIAFAE . BEAh, 856 SCiis %2 1 T GCG/EGCG K&
CG/ECG , 3R 3 Pl A fF AeAS B SE I S REZE AW & o FHIL AT, 3 Rl & 07 35 2 22 e R Ak
R MR EZRAN, B RBIEEUL
2.3 MELFBEEST
2.3.1 DPPH-#FfEH  LL50% H 3T BB H] 0 0 B Wk BE (1C,,) R 3 Fh4a & 57 X DPPH -
MIWEBREE ST . B 4 (a) ITLAE H 3 Fhds A B AR 5L ST DPPH - 3445 S0 YT BRE 71, 1C. (B3I T BH A
XTREZH BHA (134,11 mg/L) , Horp 8830 nt Bl db 690 3¢ 5 4 4 B 7 R BB BN 28 1 DPPH - V& B ik
I3, H1C fH 5518 69. 67 F167. 02 mg/L, WAL F BHPEXTHEZH Ve(76.65 mg/L) 5 A6 S0 J 46 & 5
T DPPH - 35 B e 7 MRS 55— 28 L IC, fER 97.70 mg/L, R E =T Ve,
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2.3.2 EHAAhR  E 4(b) MK 2 nTLIF B 57 B BRI, BrA e i (9 IO (E 34
i s, 3% 2 HOXER Y FRAP (B 7E — & 8 N I 3l

1007 , 207 4

80 - sl
N
£ 60F o
B i
& ;;1\ 1.0
o401 =

0.5
20+
0 0.1 0.2 0.3 0.4 0.5 0 50 100 150 200 250
JrE ek (g L) S /(mg- L)

—o- 5 C. chinensis leaves; ~o— AL 5301 ) C. glabra leaves; o WAL EHIIERE C. glabra fruits; —#— Ve; —x-BHA
B4 FEFRPETI DPPH-BEFRRBES (a) & FRAP(b)
Fig.4 DPPH- scavenging activities(a) and FRAP(b) of tannins from different samples
P 2 AT, SRR O 125 mg/L LUR I, S50 R 877 1) FRAP {2800 T FHAEXS R BHA S
b TP BT s S BRI N 125 me/L KDL RIS, 4540 FRAP {EE TR , IG5 4 ' 8 {1 1 /Iy
KFRIY :BHA > SN Fr 817 > WAL SR A 80 > WL SR S R T
*2 AEEGRPRETHEELAE

Table 2 Total antioxidant activities of tannins from different samples

AR R R B FRAP {H FRAP values at different mass conen. /( mmol-g~")

FE b sample

15.625 mg/L 31.25 mg/L 62.5 mg/L 125 mg/LL 250 mg/L
IR C. chinensis leaves 6.26 £0.71 15.46 +0.16 10.56 +0.21 5.56 +0.08 4.84 +£0.07
WAL R C. glabra leaves 4.01 £0.29 3.54 +0.26 4.81+0.12 4.44 £0.32 4.28 +0.09
WL IR €. glabra fruits 1.61 £0.42 3.67 +0.08 4.05+0.17 3.51£0.39 3.78 £0.54
BHA 2.73 +0.59 6.34+0.12 6.81£0.70 6.51+0.15 4.98 £0.02

H125 mg/L WA FRAP (EAE 8 SR ALRE I (H ., 3R 2 SR AT LUK BL, e, 3 R 4e & 50 T4
A FRAP {E#FZAS T PHAEXS G BHA , e HARE S 10 B PTA L RE 12255 F BHA, 78 3 FhFES: b, L5300t
Fr PRI T B AR BT E L FRAP {524 (5. 56 +0.08) mmol/g , IS T FHAA XS 1 BHA(6.51 +
0.15 mmol/g) , TMiiHIdL IR IERA T BARTE DPPH [ Fh L35 bR g 1 I3 i 2R 80 KL 47, (R S P Rk ik
J18e 55, FRAP {E40 4 (3.51 £0.39) mmol/g,

3 458

3.1 RGN b S IR e A ISR ) BT R A5 AR L3 R SR R T YA R A BT TR
Iy B ES  AE 96.75 ~198. 12 mg/g ZIH]

3.2 #id"”C NMR Fil HPLC-MS ZAf A% 46 6 B T AL 5 M HEAT T 40 B, 25 3R W1 .3 Pl & B T
W FEE W FAEE R (PC) MR R (PD) 4, HIFATE B G IR

3.3 3 MEA R TRRBIRAN T —E WP E AT, Fod SR R KA SRR SR BT X DPPH -
PR R T BRAE F1, HE 1C, 1539 M 69. 67 F167.02 mg/L, BAK T BHYEXT IR Ve(76. 65 mg/L) ;%8
R R BT IR R R BT AL RR T R AR TT K B SRR AL

S k.

e
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